Chemical and biological studies of the major DNA adduct of cis-diamminedichloroplatinum(II), cis-[Pt(NH3)2(d(GpG]], built into a specific site in a viral genome.
A duplex Escherichia coli bacteriophage M13 genome was constructed containing a single cis-[Pt(NH3)2(d(GpG]] intrastrand cross-link, the major DNA adduct of the anticancer drug cis-diamminedichloroplatinum(II). The duplex dodecamer d(AGAAGGCCTAGA).d(TCTAGGCCTTCT) was ligated into the HincII site of M13mp18 to produce an insertion mutant containing a unique StuI restriction enzyme cleavage site. A genome with a 12-base gap in the minus strand was created by hybridizing HincII-linearized M13mp18 duplex DNA with the single-stranded circular DNA of the 12-base insertion mutant. The dodecamer d(TCTAGGCCTTCT) was synthesized by the solid-phase phosphotriester method and platinated by reaction with cis-[Pt(NH3)2(H2O)2]2+ (yield 39%). Characterization by pH-dependent 1H NMR spectroscopy established that platinum binds to the N7 positions of the adjacent guanosines. The platinated oligonucleotide was phosphorylated in the presence of [gamma-32P]ATP with bacteriophage T4 polynucleotide kinase and incorporated into the 12-base gap of the heteroduplex, thus situating the adduct specifically within the StuI site in the minus strand of the genome. Approximately 80% of the gapped duplexes incorporated a dodecanucleotide in the ligation reaction. Of these, approximately half did so with the dodecanucleotide covalently joined to the genome at both 5' and 3' termini. The site of incorporation of the dodecamer was mapped to the expected 36-base region delimited by the recognition sites of XbaI and HindIII. The cis-[Pt(NH3)2(d(GpG]] cross-link completely inhibited StuI cleavage, which was fully restored following incubation of the platinated genome with cyanide to remove platinum as [Pt(CN)4]2-. Gradient denaturing gel electrophoresis of a 289-base-pair fragment encompassing the site of adduction revealed that the presence of the cis-[Pt(NH3)2(d(GpG]] cross-link induces localized weakening of the DNA double helix. In addition, double- and single-stranded genomes, in which the cis-[Pt(NH3)2(d(GpG]] cross-link resides specifically in the plus strand, were constructed. Comparative studies revealed no difference in survival between platinated and unmodified double-stranded genomes. In contrast, survival of the single-stranded platinated genome was only 10-12% that of the corresponding unmodified single-stranded genome, indicating that the solitary cis-[Pt(NH3)2(d(GpG]] cross-link is lethal to the single-stranded bacteriophage.